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Description 



? S presentmve " tion relates to scientific instruments and, in particular, to an emulator which enables the 
^r 0 " SC,ent!fic "*"«**■. when interconnected, to be emulated or replicated without the need to pur- 
tlir^ ,nterC ° nn t eC '' and test - *• vari ° u * scientific instruments. In its preferred form, the present invention 
enables measurements to be taken, and the use of measurement processes, which were unable to be taken, and used 
with the interconnected instruments. ' 



BACKGROUND ART 
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ESSLti. f aCt ' V ' ty haVi " 9 3 SdentifiC basis ' Scientific ^tnjments are used to analyse, record, and 

monger the otfputs of vanous devces. Such devices include strain gauges, electro-cardiograph (ECG) devices mi- 

u^ r n n ofjn a PreSSlJre ' t i emperature ' flow rate and "ke transducers. Accordingly, such scientific instruments' are 
« engineering and'soTn" 9 ' en 9 inaa ""9. ^^ics, hydraulic engineering, chemica. processes, bio-medica. 

SJS 1 «i L r ide / an9e ^s^ scientific instruments are generally required in order to undertake desired measure- 
Zlf h ' generators for various wave-forms (such as sine, square, ramp, and triangle); signal 

EZEKTE:^ aS T dWe r tiat0re ' inte9rat0rS ' ,i,terS ' muWplie ' S - and 30 on = -alysers'such as mat required 
« any .° U FaSt Fou "er Transform, and various recording devices such as achart recomer, a data logger, a cathode 
ray oscilloscope or a transient recorder. 9S 8 

J^ 1 Jt^Trr tB ° r h d8ViCeS are each relaDve,v ex P ensiv e ^d thus any research institution, or like organi- 
^l 88 3 nUmber °' SUC " d6Vices - Acc ^ingV. there is considerable competition amongst persons or 

^ou^inT e C nn P °H 9an,Sa ! ,0nS it Wh0 ^ * 1,16 deViC6S - °" Ce the deViceS have bee " ° btai "e° in order to 

carry out the Intended operation, it is necessary for the devices to be located together, interconnected, and tested in 

rcommerZ, , '"e interconnections are correct. Only once this procedure has been carried out » ft then possible 
to commence the intended operation. 

^^J^ 0 "" I" tne art to P""«de instruments which are essentially highly advanced cathode ray oscilloscopes 
^^JTT ,S t T S name SUPERSCOPE b y « W Instruments of Summerville Ma USA 02143 and 

ter^ tZI Z ^JVTl'Z"** IS essential| y a stora se oscilloscope to also be displayed on an APPLE (Regis- 
22 ^ ^ K nt ° Sh (Registered Trade Mari <> C °"W However, this device does not appear to emulate 
?♦ ' ? ° nlV CaptUreS and stores for subsequent display the output of such instruments 
[0006] It is also known to utilise software for data acquisition. One such program offered by LABTECH of Willminqton 

ternTlem^r 00 ' CB ?"S ^1 " 3 ^ si 9 nals f ™ various Sare 

2^Sf? tne f computer - ™ e software ^"ects data from multiple channels, carries out an analysis and. if nec- 

^l^hSTrt* , 3 « Pr ° dUCeS dteP ' ayS - ™ S ***** iS aVai,ab,e in rea, - time - A 9 ai ". no attempt Is made 

of different machines, rather than being essentially integrated Into one unit 

En tL^u^T^ T'lf SyStem S ° ,d Und9r tha trade name LABVIEW2 by National Instruments of 
Jnf iJl S -r 8 ' h ' 8 SyStem ' iC °" S are USed to represent botn data ^uisition functions and data 

Tnto tSJS^?'".* 1 " ^ USedt09enerateeXTOUtablecodaw "iehison.y executed by thepersonal computer 
Lnd r„2LS f J^ are ^ SyStem iS '° aded - ™* SyStem uses no nardwa ^ on| y softwa "e- The data acquisition 
^l^t Tl 0nS ^ be seduentla "y ,inked 30 that data input '"to the computer can be first acquired and then 
l^ 1 : ***** ana * sed data is rented. It is to be noted that the computer functions to make desired inter- 
connections between external mstruments but does not emulate instruments or compile a program to replicate the 
on " 9 2 a " ^ ° f inte ~° nnacted instruments. For example, no provision for feedbS from 

the mu,H £2 a " th6 f ° ntrol S8nSe ' iS made - ^ S ' 0W Pr0cessin 9 speeds - and "» indetemnine nature of 

^co *Si„7. e t nV,r0nmem ° f APPLE < Re 9 istered Trada Ma *> Pe^ona. computer, require the prevision of a 
time co-ordinate" to accompany the acquired data. 

SmJL JwH*T m 18 3 Vi,tUa ' in f frUment wnich is to sav « is characterised by software simulation only and is to be 
contrasted with the new concept of emulation. Emulation involves flexible, multipurpose, re-programmable hardware 

e^Lon ^ 3 9raPhi ° COmP " ier 3t 3 ° Peratin9 Speed W ^ ich «-£" «- "me insJumem 

Sou'L e U H? r i^^ 15 r ! ,at !f 10 3 PrOC . eSS f ° r automatica,, y Producing a computer program in machine assembly 
language directly from a two-dimensional network representing the flow of data and control logic which it is desired to 
accomplish on a specified general purpose digital computer. However, emulation is not performed 
[0010] The article "Using Mathematica in Support of LabView: Power in the Laboratory" NORTHCON Conf Rec 
Seattle, WA.USA9- 1 1.0ct. 1990 , P p.353.3 5 8.relates,oagraphicaorieme^ 
wh.ch are executed on personal computer. There is no emulation performed. 
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[001 1 ] Therefore, the object of the present invention is to provide a scientific instrument emulator and a corresponding 
method which reproduce the function of scientific instruments. This object is achieved by the emulator according to 
claim 1 and by the method accordingto claim 8, respectively. Further embodiments are defined in the dependent claims. 
[0012] The task of the emulator is to reproduce by means of a combination of both hardware and software, the 
functions of various scientific instruments thereby enabling not only the individual functions of the instruments to be 
replicated, but for such replicated functions to be interconnected with each other so that the emulator as a whole can 
replicate the overall function of an array formed by interconnected scientific instruments. 

[0013] A number of very substantial advantages are attained thereby. Firstly, the overall cost of the apparatus is 
substantially reduced since the individual scientific instruments the functions of which are to be replicated, need not 
be purchased. Secondly, a substantial saving in set up time is also achieved since it is not necessary for such instru- 
ments to be bought from various locations and assembled at the one point and physically interconnected with wiring, 
plugs, adaptors, and so on. Thirdly, the results achieved are much improved In that the output of the array of intercon- 
nected scientific instruments is not only able to be displayed in real time, but it is, in addition, processed in real time 
and is also able to be stored for subsequent manipulation, analysis and evaluation. Finally, the results of simultaneous 
or parallel measurements can be more easily associated so that the interrelationships between measurements can be 
ascertained, particularly in complex systems. 

[0014] The invention is set out in appended apparatus claim 1 and method claim 8. 

[0015] Preferably the instrumentation units are each represented by a corresponding icon which is able to be dis- 
played on the video display screen during the operation of the set-up program to enable the operator to select, and 
locate in the array, the desired instrumentation unit. 
[0016] The compiler generates in the memory a number of different programs representing the array of instrumen- 
tation units. These programs are distributed to the processor in the computer system to emulate the desired array of 
instrumentation units. Preferably, the compiler generated programs are stored in memory to create preconfigured in- 
strumentation arrays instantly capable of executing desired processing functions: These programs store the accumu- 
25 lated intellectual product of the user. 

[0017] Preferably the number of processors, video generators and analog signal modules is expandable to obtain 
the desired degree of complexity and/or capability of the array of instrumentation units. 

[001 8] The analogue signal module has available a real time electric signal which can be used to operate, or trigger, 
other items of hardware. Preferably it also provides both analogue and digital output. 

[0019] The input/output from the scientific instrument emulator is preferably also available from other resources 
available within the computer including network communications interfaces (RS232, ETHERNET etc) and bus inter- 
faces such as IEEE-488-GPIB, ISA and EISA. These resources can be provided independently by the purchaser or 
original equipment manufacturers ( OEM's). 

[0020] The data stored in the memory means is also preferably available for data "export" to various standard com- 
puter packages such as those sold under the trade marks EXCEL, LOTUS and AXUM whereby the data accumulated 
can be manipulated for subsequent graphical presentation and tabulation to facilitate report generation. 
[0021] According to a second aspect of the present invention there is disclosed a scientific instrument for measuring 
and recording electrical waveforms, said instrument comprising a computer having a central processing unit and elec- 
tronic memory means positioned within a housing, said housing including provision for at least one floppy disc nacelle; 
and a plurality of electrical connectors accommodated in the space allocated for said one floppy disc nacelle, said 
electrical connectors being connected to said memory means. 

[0022] According to a third aspect of the present invention there is disclosed a compilation method for generating 
object code to implement the mathematical/signal processing function of an electrical circuit functional block having at 
least one inputto form an output thereof, said method comprising the steps of representing said function as a sequence 
of elemental mathematical steps each of which is itself directly representable in said object code, and arranging the 
object code steps in said sequence for sequential execution commencing with said input(s). Preferably a parameter 
of said functional block is able to be specified. Also disclosed is a compilation method for generating object code to 
implement the mathematical/signal processing function of an electrical circuit having at least one input and at least 
one output and formed by interconnection of a plurality of functional blocks each of which has a mathematical/signal 
processing function for which an object code has been compiled in accordance with the above, said method comprising 
the steps of representing the electrical circuit mathematical/signal processing function as a sequence of events each 
of which is representable in said object code, and arranging said object code events in said sequence for sequential 
execution commencing with said input(s). 

55 DESCRIPTION OF THE DRAWINGS 

[0023] An embodiment of the present invention will now be described with reference to the drawings in which: 
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Fig. 1 is a schematic block diagram of the hardware modifications required to an IBM PC, 

Fig. 2 is a block diagram of the analogue module of Fig. 1 , 

Fig. 3 is a circuit diagram of one of the identical relays of Fig. 2, 

Fig. 4 is a schematic map of the memory arrangement within the computer, 

Fig. 5 is a block diagram of the real time video printed circuit board of Fig. 4, 

Fig. 6 is a screen display listing the icons representing the various instrumentation units stored within the library 
program, 

Fig. 7 is a typical array formed by inter-connection of the various instrumentation units, 

Fig. 8 is a block diagram of a relatively straight forward array useful in bio-medical applications, 

Fig. 9 is a reproduction of the screen dispiay windows corresponding to the array of Fig. 8. 

Fig. 1 0 is an array which forms a linear interpolation, 

Fig. 11 . shows the output of the three screen displays illustrated in Fig. 10. 

Fig. 12 is an array which forms a phase locked loop, 

Fig. 13 shows the output of the three screen displays illustrated in Fig. 12, 

Fig. 14 is an array which provides an analogue solution to a second order differential equation, 

Fig. 15 shows the output of the two screen displays illustrated in Fig. 14, and 

Fig. 1 6 is a more complex array. 

[0024] Appendices l-IV list various program fragments described hereafter. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0025] Turning now to Fig. 1 , the apparatus of the preferred embodiment is able to be totally enclosed within the 
case 1 of a conventional IBM (Registered Trade Mark) Personal Computer having an ISA or EISA bus based on the 
original IBM AT Located within the case 1 are the,usual components of a central processing unit (CPU) 2, memory 3 
and 8MHz bus 4. 

[0026] Located within a spare 5V 4 inch floppy disc nacelle is an analogue module 6 onto which are mounted dedicated 
input plugs 7, dedicated output plugs 8, and general input/output lines 5 for amplifiers, frequency counters, sample 
clock synchronising, digital inputs and the like. 

[0027] Located on the bus 4 are four slots for printed circuit boards 9. The four PC boards 9 are indicated A, B, C 
and D respectively. The three adjacent PCB's A to C inclusive are respectively a master PCB, a slave PCB and a video 
PCB. The video PCB in turn drives a known VGA printed circuit board D sold by Tseng Labs which can provide 800 x 
600 resolution in 256 colours. This PC board D is directly connected to the video display screen 10. 
[0028] Within the analogue module 6 are located the following system resources: 



1 FOUR isolated (optional) analog i/p channels. Each channel has programmable 9-120dB gain (3 micro volts 
resolution @ signal to noise ratio of one), programmable anti-alias filtering and an ADC conversion of 12 bit res- 
olution. Each channel can be AC or DC coupled with long AC coupling time constants (2 minutes) and has inde- 
pendent controls of AC or DC offsets which can be controlled from the runtime screens. The sampling rate can be 
15 KHz per channel (depending on the project processing load) and the number of analog modules attached to 
the same slave processor card. The inputs are isolated to 3.5KV continuous. 

2 TWO analog outputs with a voltage range of W-1 0 Volts and a current capacity of +/- 1 00mA. These can be used 
for strain gauge biasing (AC or DC driven), control outputs etc. 

3 FOUR selectable high level analogue outputs, one from each of the amplifiers above. These drive digital FM 
tape recorders to store rarely occurring events for replay into the processor (2). 

OR 

FOUR selectable high level inputs to each of the amplifier channels above. The system is switched into this 
mode for replay of events captured in output mode on tape. 

4 EIGHT bits of ground referenced digital input 

5 EIGHT bits of digital output which can be used for relay drivers or event indicators. 

6 ONE frequency generator output (clock generator) 0-2 MHz 0.1% accuracy. 

7 ONE event countertfrequency counter. Input 0.1 Hz-8MHz. 

8 ONE 5 Volt reference 100mA +/- 5%. (For strain gauges etc.) 

9 ONE sample clock output reference line for synchronising sampling between multiple scientific instrument em- 
55 uiators of the preferred embodiment. 

1 0 ONE sample clock input reference line for synchronising sampling from a "master 11 scientific instrument emulator 
(for use with "slave" emulators), and 

1 1 FIVE ground wires. 
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[0029] The analogue module 6 and PC boards 9 are each interconnected by means of different subsidiary buses 
11, 12, 13 and 14 respectively. 

[0030] As seen in Fig. 2, the analogue module 6 of Fig. 1 is provided with four analogue input/output connectors 20, 
four analogue inputs 21, two analogue outputs 22, a frequency output counter input 23, a dock output 24, an 8 bit 
digital input 25, an 8 bit digital output 26, a five volt reference voltage 27 and a slave synchronizing output 28. 
[0031] Each of the analogue inputs 21 is connected via a front end amplifier 31 to an isolator 32, the output of which 
Is connected to a relay 33. The relay 33 is also connected to the analogue input/output connectors 20 and to an amplifier 
34 which has programmable gain. AC/DC coupling, provision for an AC comer and DC offset. The output of the amplifier 
34 is in turn passed to a sample and hold circuit 35 the output of which is received by an analogue multiplexer 36. The 
output of the multiplexer 36 is passed via an AID converter 37 to the subsidiary bus 11 which connects the analogue 
modules 6 and the PC board 9B. 

[0032] The operation of the amplifiers 34 and the sample and hold circuits 35 is controlled by a digital controller, 
address decoder and A/D-D/A sequencer 39 which receives both data from the bus 11 and also sample clock and 
sequencer clock signals. The controller/decoder/sequencer 39 also outputs via D/A converters 40 to the analogue 
outputs 22 via an output amplifier 41 . 

[0033] The frequency counter input 23 and clock output 24 respectively directly communicate with a counter 42 which 
again communicates directly with the subsidiary bus 11 . 

[0034] Each of the digital inputs 25, digital outputs 26, reference voltage 27 and slave synchronizing output 28 is 
connected to a digital input/output circuit 43 which is in turn directly connected to the subsidiary bus 11 . 
[0035] The timing arrangements of the circuit illustrated in Fig. 2 are divided into two sequences. The first sequence 
concerns the digital input and output. When required by the program, this digital input and output is effected by individual 
commands from a substantially conventional data acquisition controller which forms part of the slave processor on 
PCB 9B (Fig. 1 and Fig. 4). 

[0036] The second sequence is the flow of digital data converted from the analogue inputs, or to be converted to 
provide the analog outputs. This digital data is received and despatched under the control of the controller/decoder/ 
sequencer 39 which can be preset to operate the required number of incoming and outgoing analogue channels. The 
controller/decocer/sequencer 39 performs one complete cycle of inputting and outputting, or sequence, every sample 
period and does so with minimal processor involvement, thus increasing the speed of operation of the data acquisition 
controller referred to above on the slave processor of PCB 9B. 

[0037] Other functions of the circuit of Fig. 2, such as the frequency to be output as the clock output 24, the "range" 
of the frequency to be counted by the frequency counter input 23, and any synchronisation signal required for the slave 
synchronising signal 28, are set up at the start of the execution of the graphical compiler program by appropriately 
specifying the corresponding icon. 

[0038] Fig. 3 illustrates in detail the nature of the relay 33 which can be switched between two positions. In the 
position shown, the input from the analogue input/output 20 is passed to the amplifier 34, thereby isolating the analogue 
inputs 21 . In the alternative position, the input from the analogue inputs 21 is passed to the amplifier 34 but is also 
made available as an output at the analogue inpuVoutput 20. 

[0039] Fig. 4 is a pictorial representation of the processor architecture and includes a memory map. The host com- 
puter 2 with its associated memory 3 is connected to the video PCB 9C which is in turn connected to the slave PCB 98. 
[0040] As indicated In Fig. 4, up to 8 analogue modules 6 are able to be connected to each PCB 9B and up to four 
slave PCB's 9B can be added. 

[0041] The memory map is essentially three dimensional with the memory 3 of the host computer 2 overlying, and 
thereby being accessible to, the other memory utilising portions of the circuit. 

[0042] A block diagram of the video PCB 9C is illustrated in Fig. 5. In this diagram the interconnections between the 
conventional video graphics adaptor (VGA) of the host computer are made via the conventional VGA connector 50. 
The connections between the host computer 2 and the video PCB 9C are via bus 4. Similarly the connections between 
the video PCB 9C and each of the slave PCB's 9B is via bus 13 as previously indicated in Fig. 1 . 
[0043] Data received from either bus 4 and/or 1 3 is passed via a dual port iogic circuit 51 to a first in first out (FIFO) 
buffer 52. The FIFO 52 outputs to a logic array circuit 53 which has three separate random access memories, horizontal 
RAM 54, vertical RAM 55 and a static RAM 56. 

[0044] The output of the logic array 53 is passed via comparator 57 to a video generator 58 and thence to the VGA 
connector 50. In addition, the logic array 53 also receives three signals from the VGA connector in the form of horizontal 
synchronizing pulses, vertical synchronizing pulses and a dot clock. 

[0045] Essentially the logic array 53 takes the data supplied via buses 4 and/or 13 and calculates pixels to replace 
the individual pixels generated by the video graphics adaptor (VGA) 12 and complies with multimedia standards for 
communication of the video image on bus 1 4. 

[0046] The memory 3 (Figs. 1 and 4) has a library of instrumentation units. Each of these is represented by an icon 
and Fig. 6 provides an indication of the range of instrumentation units able to be selected from a given library. By use 
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of a mouse in known fashion, the operator is able to interconnect selected instrumentation units from the icon list of 
Fig. 6 so as to form an array of interconnected instrumentation units as illustrated in Fig. 7. During the course of the 
creation of the array of Fig. 7, under software control the machine checks that the array does not have any unconnected 
inputs, logically unacceptable connections, and like defects. Any detected defect Is indicated. 

s [0047] Once the array has been interconnected to the satisfaction both of the operator and the set-up program used 
during this phase, a compiler program is then run which compiles from the graphical representation of the array the 
executable object code which executes the overall signal processing function for the entire array. As a consequence 
when, in real time, the input signal is applied to the array, the incoming signal(s) is/are manipulated and the one or 
more outputs of the array are indicated in real time on the video windows able to be displayed on the screen 1 0 stored 

w to disc, and so on. 

[0048] Essential to an understanding of the way in which the compiler program operates is an appreciation that each 
icon is itself a mini array which can be built up from very fundamental steps which are themselves easily executed by 
the program. For example, if the basic steps are taken to be addition and subtraction, then multiplication can be regarded 
as repeated addition, and division can be regarded as repeated subtraction. With this background in mind, it can be 
appreciated that a ramp voltage generator can be created from a zero initial level by the successive additions of very 
small increments until a predetermined level is reached. Then that level is itself subtracted so as to re-create the zero 
starting point. Then the small additions are again made, and so on. 

[0049] A consideration of the various icons represented in Fig. 3 will also lead to the appreciation that the icon is 
itself essentially a graphical form of any desired shape designed to convey a representation of a specific mathematical 
or signal processing function which is both seen by the user and identically understood by the graphical compiler 
program. The shape contains at least one input node and/or at least one output node these being respectively the 
entry and exrt points for data streams. For example, an adder having input nodes A and B and output node C is compiled 
to give the program C = A + B. Those icon elements having only one or more output nodes are termed source icon 
elements (eg a voltage generator) whilst those icons having only one or more input nodes are termed a destination 
25 icon (eg a display window). 

[0050] Interconnecting any output node and terminating at an input node is a connecting path termed a data stream 
The data stream carries the data type associated with the output node and, as a consequence, the input node at which 
it terminates must be of the same data type. This provides an additional rule inherent within the compiler program 
Since the interconnections between nodes represent data streams, rather than physical wiring, it is permissable for 
the interconnections between icons to cross over other interconnections or even other icons without ill effect This is 
because the data stream has an output node and an input node and is unconcerned with any intermediate location 
The co-ordinates of the source and destination nodes on an arbitary co-ordinate system are used to create the software 
"pointers" to source and destination data buffers for the execution of the signal processing functions on the data "point- 
ed" to. " 

[0051] Also included with an icon is an icon specification where the icon itself is insufficient to describe the entire 
function of the icon. For example, an amplifier has a function, output = G x input, where G is the gain of the amplifier 
However, in order to enable the gain to be specified by the user, the gain is able to be input as a predetermined 
parameter by means of the icon specification. 

[0052] It will be seen that using the above methodology, a library of prepared icons each with its own program to 
carry out the mathematical/signal processing function of the icon can be prepared. Furthermore, the same methodology 
is again applied once it is desired to compile a program to carry out the mathematical/signal processing functions of 
an array formed from Inter-connected icons. To take a simple example of an array, consider an array having two inputs 
A and B and an output C, the array consisting of an adder having inputs A and B, the output of the adder being connected 
to an amplifier having a gain G with the output of the amplifier constituting the output of the array. The mathematical/ 
signal processing function is C = G x (A + B). The graphic compiler of the preferred embodiment creates machine code 
in the same way as would a FORTRAN compiler when it was presented with substantially the same statement but 
present in source code written in the FORTRAN language. 

[0053] Appendix I constitutes a program fragment of code which permits the user to decide what the icon specification 
will be for the given icon. The "pop-up* window portion of the display into which the user inputs the numerical value(s) 
so to be specified is termed a "sheer. 

[0054] Similarly the program fragment of Appendix II is an example of the programming used in compiling an icon. 
The code used in compiling an array is analogous. 

[0055] Appendix III is a code fragment which is an example of the digital signal processing (DSP) implementation 
code. This code enables digital signals which replicate the output of actual electronic devices (as represented by an 
55 icon or array) to be created. 

[0056] Finally, Appendix IV is a code fragment of the timing or sequencing used in the digital signal processing. This 
ensures the timely completion of the calculations in the time between successive samples. 

[0057] The operation in "real time" is assisted by the way in which analogue input signals are acquired. The permiss- 
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able +/- 10 V input range is represented by a 12 bit number and the analogue input signal is sampled at a sampling 
frequency of from 1 to 60,000 points or samples per second. The exact sampling frequency is specified or selectable 
by the user. As a consequence of this sampling regime, all the programming steps required to emulate the particular 
function of an icon or an array are required to be completed, and thus create an output, in the time available between 
s sampling points. In this way, the output for a given sampling point is calculated and hence created, prior to the receipt 
of the information for the next sampling point. This procedure enables real time operation with the proviso that if the 
calculation time exceeds the sampling period then either additional computer resources in the form of extra processor 
and/or memory must be provided to reduce the calculation time, or the sampling frequency must be reduced, thereby 
increasing the time for calculation. The increasing processing power of modem computers means that, in practice, any 
10 limitation to the sampling frequency is not of practical concern. 

[0058] It will also be appreciated in connection with the above that the calculation to be performed by the computer 
can include feedback of an output at one sample time which then constitutes an the input for a subsequent calculation 
at the next sample time. The subsequent calculation must, however, be completed within the sampling period. 
[0059] Fig. 8 illustrates two relatively simpie arrays. The input and output waveforms to, and from, those arrays are 
respectively illustrated in Fig. 9. It will be seen that the input and output of the first array comprises an analogue voltage 
from an ECG. For the other array, the four outputs comprise the output of the voltage controlled oscillator, and that 
output when respectively passed through a low pass filter, a high pass filter and a band pass filter. Note that since the 
arrays are not in any way related, although ail the waveforms can be simultaneously generated and/or displayed, it is 
not necessary for the results to be linked in any way. 

[0060] Turning now to Fig. 1 0, this drawing illustrates the array able to be first drawn and then compiled to emulate 
a linear interpolation circuit. A constant voltage source 45 is applied as an input to three voltage controlled oscillators 
46-48 which respectively have a sine-wave output, a square-wave output and a ramp output. The output of the sine- 
wave is set at 3Hz whilst the output of the other two generators 47 and 48 is set at the sampling frequency of 20Hz. 
The output of the sine-wave oscillator 46 is used to trigger each of three displays 50-52. The output of the square- 
wave oscillator 47 is used to trigger two sample and hold circuits 53, 54 which are separated by a time delay circuit 
55 having a delay which is approximately equal to the period of the sampling. This ensures that the outputs of the two 
sample and hold circuits 53, 54 represent the results of successive samples. 

[0061 ] A further voltage reference 56 is set at one volt and comprises one input to a subtracter 57. The linear inter- 
polation is carried out by the two multipliers 58, 59 and the adder 60. The multipliers multiply the ramp gradient by the 
correct proportion determined by the amplitude differences of successive samples held in circuits 53, 54. 
[0062] The "input- sine-wave at 3Hz which constitutes the screen display 50 is illustrated in Fig. 1 1 as is the sampled 
sine-wave which constitutes the display 51 . The linear interpolation created from the sampled sine-wave constitutes 
the display 52 and is also illustrated in Fig. 11 . 

[0063] Fig. 12 illustrates an array which constitutes a phase locked loop. Again, a voltage reference 61 constitutes 
the input of a voltage controlled sine-wave oscillator 62, the reference voltage of 6 1 being set so as to set the frequency 
produced by the oscillator 62 at 51 Hz. The output of the oscillators 62 is used to trigger a pulse circuit 63. The output 
of the pulse circuit in turn triggers three displays 64-66 and constitutes the display signal for display 64. 
[0064] In addition, the output of the pulse circuit 63 is used to trigger a sample and hold circuit 67 which has an input 
formed from the output of a voltage controlled sine-wave oscillator 68 which is set to have a centre frequency of 50Hz. 
The input to the voltage control oscillator 6B constitutes the output of the sample and hold circuit 67 which essentially 
represents the phase difference between the signals from the oscillators 68 and pulse circuit 63. This error signal is 
displayed by display 66, the output of the voltage control oscillator 68 being displayed by display 65. The three displays 
64, 65 and 66 of Fig. 12 are respectively illustrated in Fig. 13. 

[0065] An array to solve a second order differential equation is illustrated in Fig. 1 4. Here three feedback loops FB1 
- FB3 are provided. In order to set the initial conditions, a voltage reference 70 set to one volt is used to provide an 
input to a sample and hold circuit 71 and the inverting input of a comparator 72. The output of the sample and hold 
circuit 71 is fed back to the comparator 72 and also to one of two multipliers 73, 74. The output of the multipliers 73, 
74 are added together in adder 75 and multiplied by the gain of amplifier 76 before being integrated by the first of two 
integrators 77, 78. A further amplifier 79 and multiplier 80 complete the circuit. The outputs of each of the integrators 
77 and 78 form the waveforms displayed by two displays 81 and 82 which are both triggered by the output of the first 
integrator 77. 

[0066] The results are illustrated on Fig. 15 and show both the initial solution corresponding to the initial conditions, 
and that the output constituting the solution of the differential equation runs indefinitely without apparent losses or gains 
within the limitation of quantizing errors. In an actual electronic circuit realisation to give effect to the solution of the 
second order differential equation, the use of real capacitors with losses, for example, would result in the progressive 
decay or growth of the output signal. However, with the above described arrangement because the solution is being 
continually calculated, there is no apparent decay, nor any unstable growth leading to saturation. This represents a 
substantial improvement over the prior art analogue computers. 
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ESf * 9 " SXamP °' 3 m ° re C ° mp,eX able 10 be com P iled accordance with the preferred embod- 

iment of the present mvention. It will be seen from Fig. 1 6 that four Fast Fourier Transforms six differed slqnaTaS 
eratora, numeno d.splays, bar charts, four reference voltages, four 40dB/decade filters ^e "areTunder Z 1™ 
c^culator and numerous comparatorSi mu!tip| , 8r3i ^ the * ke are aj| provjded ade ^ area under the 

epfay meTs^S res^r^' 0 ™ 8 N,U8tra,ed 6 ' ^ St ° red h me ™'* tne user « to 

«n J:L J Furthemiore, vanous portions of the results are able to be extracted for anv 

H Furt f harmore - "ecause the results are stored, the stored data is abletobe edited and exported to spreadsheets 

eZrimems 3 ST" V T^T* 38 EXCE1 " LOTUS 123 ' a " d 816 like - ™ s ESS 
2 0 7t ' I C ° mbm ! d Wlth ,6Xt describi "9 »» n^ure of the experiments and the nature of the concluSs 

Zebras c a a"n S^Z^T"" 1 ^ ^ aPParatUS - •* Way ' Vid6 ° -nation w,S other sigZ 

fcons whkTh L uSd for examol «" ^T^"^ A " that is re <* uired «° "e changed is the specification of those 
LriV,!t»H !? f ' exam P |e - 38 a reference. For example, the actual voltage level and the frequency can be 

SOZlZZl aCC ° Unt *• dWerent eteCtriCa ' ° U,PUtS (69 VO,ta9S ,aV8lS - d diffa ™' PU'« SesTbTeen 
[0072] Furthermore, the ability to create arrays at will means that the apparatus is able to measure the assoe i»ti«„ 
or .ndependence between signals and so add a further dimension to the Results abfeTo be Sed 
heart rate can be correlated with, or multiplied by, a respiration rate of a patient to give a Sd Nrtntf whlTS £ 

pretrials 

memory ' neC8Ssarv » ca,8d appropriately, and then compared against past data stored in 

Suill! 1 ! ^T' t °J h08e Skf " ed in the ■ rt - mat *«• des <=**° system has integrated all functions that 
ofpSal^nSonsexrs^ 

the^el^ ^ " C ° mP ° nent ° f "» wh ° la - tba — *■ emu.ator of 

1 A multiple pu,pose/multifunction analog module which inputs/outputs digital and analog signals and other func- 
2 A "real time" video, both in PAL or picture form at the same time and waveform displays in up to 40 windows on 
ra^Te^ 

a sS und^S 8 T C T* led by 3 Pr0S6 *** (VOn NeUman) s ^««n«ally syntactic 'line language' but by 

4 SSJZl^S? h re V US Para " 8 ' 9raPhi ° COmP " er WhiCh is me 10 be used ^ "°" Programmera 

4 Waveforms and graphic arrays ,n pictorial form are read«y transported to existing PC tools such as wordprec- 
essors. spreadsheets and "offline- analysis software for report generation/records etc 

5 Non volatile storage can be accessed in such a way as to be able to "source" data that is to be fed back into an 
Aiso the program and data can be transported over the network to another similar scientific instrument emulate; 
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for analysis. The data and program are linked and are "bundled" for network transmission. 

[0075] In its preferred form, the system takes the form of a signal processing device comprising proprietory hardware 
and software which is contained in an IBM PC with data acquisition amplifiers positioned in floppy disk nacelles and 
processor PCBs and real time video cards fitted onto the PC system bus. The device in one configuration contains an 
extra 2 ordinary General purpose processors and a further 2 signal processors. These combined processors are pro- 
grammed by the use of a graphical compiler on the VGA screen in such a way that the PC host (operating at say three 
million instructions per second) views the resident device subsystem (operating say at fifteen million instructions per 
second) as an extension of its memory. All the other processors also see each other as extensions of their own memory. 
In this way the multitasking software can manage multiple processors with each task on the various processors com- 
municating with the other task(s) and/or processor(s) by passing pointers to shared memory. Thus no special commu- 
nications hardware or software is required. The graphical compiler which compiles executable object code for the 
installed subsystem, allows the rigorous use of mathematics which is processed so fast as to simulate real time with 
all necessary processing performed during a single sample time. 

[0076] In addition to the functional adequacy of the programming system of the graphic compiler, the programming 
system using icons is constructed in such a way that compiled icons can themselves be composed of simple icons. 
This allows mathematical construction to be applied to two types of data streams involved with the processing. One 
of these types of data streams is the 'acquired data stream" from the analogue to digital inter-conversion process and 
the other type is a "trigger stream". A trigger stream is some signal acquired from this inter-conversion and with which 
other signals which are desired to be displayed in time relationship, or is created by a timebase established in the 
array. Most often the trigger stream is created by a processing function wherein processing on one or many channels 
creates a signal which is intended to trigger displays, trigger processing such as averaging, or trigger storage. In general 
it is the complex trigger capability of the system, simply represented by the graphical compiler, which allows the accu- 
mulation of parameters which characterise various waveforms or epochs of waveforms. This allows their selection by 
experts to establish an "example set". 

INDUSTRIAL APPLICATION 

[0077] The cost effectiveness of the apparatus of the preferred embodiment can be considered from the following. 
The apparatus can function as any one of the following devices, or any combination of the following devices (or multiples 
thereof) arranged together into an array. 







DEVICE 


COST A$ 


35 


1 


4 Channel Chart Recorder (500 Hz/channel) 


10,000 




2 


FFT analyser (1 Hz - 20KHz, max 512 points, 200 analyses sec.) 


13,000 




3 


Frequency Counter (0.01% accuracy, 0.01 Hz - 10 MHz) 


1,000 




4 


Function Generator (Sine, square, ramp, and triangle waveforms, 0.01Hz - 2MHz) 


5.000 




5 


Data Logger (PC based) 


4,000 


40 


6 


Energy Monitor (Volts x Current, isolated inputs) 


4,000 . 




7 


2 Channel Transient Recorder 


3,500 




a 


Electrophysiological Monitor (ECG, EEG, EMG, ERP) 


20,000 



[0078] The above items of equipment constitute a cost of approximately A$60,500, however, the retail price of a 
scientific instrument emulator in accordance with the preferred embodiment and able to emulate the above functions 
is in the vicinity of A$1 5,000 (assuming the user has an appropriate personal computer to both receive the necessary 
hardware and run the necessary software). 

[0079] Furthermore, the large number of parallel inputs in the integrated system is well suited to the study and analysis 
of parallel systems such as ecosystems, biosystems, machine systems, etc. 

[0080] The foregoing describes only one embodiment of the present invention and modifications, obvious to those 
skilled in the art, can be made thereto without departing from the scope of the present Invention. 

COPYRIGHT NOTICE 

[0081] The program listings contained in Appendices l-IV are the subject of copyright owned by the applicant and 
are not to be reproduced In any way without the express prior written authority of the applicant. 
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APPENDIX I 
[0082] 

Code for Sheets. 

The following code is used to define a sheet in which the user specifies the 
parameters for a triggered pulse generator- 



/*™+***+m***************m****m***+*** m *m*mm*m*m*+*+mm*mmmn 



* 

V 

#include 
#indude 
#includc 
#indude 
#include 
#inciude 



****** 

*! 



#define 
#d 



v 

typedef 



AMLAB - Associative Measurement Laboratory 
PULSE Icon Overlay Sheet 



<stdxoJi> 
<stdffl>.h> 
<stringJi> 
<dirJi> 
"library JT 
"pnlsegenJT 

*•*********+************+*+**> 

Window Dimension Constants 

** ** ** *** ************* 



WINDOW^WIDTH 
WKDOW^HBEGHT 
USER_X_SIZE 
USER_Y_SIZE 



55 
21 

WINDOW_WIDTH 
(WINDOWJEiBlGHT - 1) 



FULSE Sheet Parameter Definition 



mmmmmmm 



street 

ICONJRASAM 
PULSE_JCONJ»ARAM 
} PULSE_SHEET; 



PULSE_SHEET pulse vais = 

( { ICON_PARAMETER_REC 

1, sizeof(PULSE_SHEET). |0}.sizeoflCPULSEJCONJ»ARAM)}, 
{ 1000, MAX_STATEJLEVEL, MPJ STATP T PVCT o, 
{ POSrriVE_EDGE, 0}, 0, NORMAL_TRIGGER } 

J; 
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mm PULSE Sheet WINDOW Definition 



V 



* PULSE sheet Variables 



********************* 



V 

/* Local string Arrays. */ 

char tilteO = "PULSE GENERATOR SHEET"; 



I* MM tWil It II Sheet Title Definition ******** */ 
TITLE pulse_sheet_title = 

{ 

NULL. 
-I, 

BLACK, WHITE, 
tilte, 

NULL 

j ; 

/* #******* Sheet Control Definition U******* */ 
CONTROL pulse_sheet_control = 

{ 

NULL, 

-1. 

IWHHE.GREY. 

LOGO, 

0.0. 

0.NULL, 

0.0.0,0. 

0,0,0,0 

I; 

/* It Hint II Sitlf Edit Region Structure Definitions* ######## 
V 

int cbeck_durarionCmt): 
EDIT_DEFN pulse.duration = 
{ 

UN5IGNED_INTEGER T 
5, 

BLACK.WHrrE4WHrrE,CREY. 
OA 
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"Pulse ON State Duration (Samples): 
&pulse vars.pa.duraticn, 
check_duration» 
NULL 

J; 

int check_onJevel(int); 
EDIT.DEFN pulse.on Jevel = 
\ 

INTEGER, 
6. 

BLACK, WHTrEJWHITE,GREY, 
OA 

"Pulse State Levels (mV) - ON: ". 
&pulse_vars.pa.an Jevel, 
check_onJevd, 
NULL 

}; 

int check_off_level(mt); 
EDIT_DEFN pulse_off_Ievel = 
I 

INTEGER, 
6. 

BLACK.WHlTEJWHirE.GREY, 
0,0, 

"-OFF:". 

&pulse_vai8.pax*f_level, 

cheekjafUeveL 

NULL 

); 

int check_triggerjevel(int); 
EDir_DEFN pulse .trigger Jevd = 
{ 

INTEGER, 

6, 

BLACK, WHITEJWHITE,GREY, 
0,0. 

"Trigger Level (mV): ", 

&pulse_vars.pajriggerjevel. 

cneckjtriggerjevel, 

NULL 

); 
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int check_edgc(int); 
EDIT_DEFN pulse_trigger_edge = 
f 

CHAR, 
1. 

BLACK, WHrTEJWHITE,GREY, 
0.0, 

"Edge (+.-): ". 

&pulse_vars.pa.edgc 

check_edge, 

NULL 

): 

int check_slew(int); 
EDIT_DEFN pukc_trigger_slew = 

< 

UNSIGNED_INl'hGHR, 

5, 

BLACK, WHTrEJWHITE,GREY, 
0.0, 

"Slew (mV/mS): 
<fcpulse_vais.pajilew. 
check_slew, 
NULL 

); 

int chedunodeQnt); 
EDIT_DEFN pulse_trigger_mode « 
I 

CHAR, 

MAX_TRIG_MODE, 

BLACK, WHITEJWHITE,GREY, 

0.0. 

"Mode (SINGLE SWEEP, NORMAL): ", 

«fcpulse_vars.pa.mgger_mode, 

check jm od c, 

NULL 

J: 

f* IlllflliiUI-fHt Sheet Region Definitions. tHlflttltff1t# 
SCREEN JIEGION pulse_shect_regionsQ = 

EDIT.CLASS, 
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4,2,0,0, 

&puis6_duration i 

£DIT_CLASS. 
4.5,0.0, 

&puise_onJevd, 

EDIT.CLASS, 

28,7,0.0, 

puise_off_leve2, 

EDIT.CLASS, 
4.10,0.0. 

&pulsc_triggerjcvel, 

EDIT.CLASS, 
12,12,0,0. 

&pulse_tri gxw_edge. 

EDIT.CLASS, 
12.14.0A 



EDIT.CLASS, 
4>17,0,0, 

4polse_trigger.mode 

I; 

#define NR.REGION5 (szzeof(palse sheet regions) / 
sizeof(SCREENJlEGION)) ^ 

C, IHHItitlfHftl PULSE Sheet Window Definition. MMMUM 

AMWINDOWpuJse_sheet_windowQ = 

0,0.0,0. 

(VIRTUAL_MAX_X / 2). (VIRTUAL.MAX_Y / 2), 
WINDOW.WIDTH. WINDOW HEIGHT, 

0.0. 

BLACK, WHITE, 
NULL, 
NULL, 
NULL. 

&pulse_sheet_titlc 
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&pulse_sheet_conool, 
NR.R£GIONS 9 pu]se_sfaeeCreg2ons 



/ <"""•" "•»» cnor Messages. nil II II II Hint */ 

ERROR_MSG pulse_shect errorsQ = ( 

- r 0 */ 
RANGEJERROR. 
"Pulse Duration Error.\n\nThe Pulse \ 

Duration specified is InvalULXnVn Valid range is from 1 to 65535 samples", 

r i •/ 

RANGEJERROR, 

"ON State Level Error.\n\nThe ON state \ 
level specified for the pulse is mvalid.\n\n Valid Range is -10000 to 10000 
mV.\ 

/■ 2 */ 
RANGE JERROR, 

"OFF State Level Enor.>n>aThe OFF stare \ 
level speci fi ed for the pulse is Invalid.\n\nVaIid Range is -10000 to 10000 
nV.*, 

/* 3 */ 
RANGEJERROR, 

"Trigger Level Enar.VfaThe Trigger \ 
level specified is Invalid>nWalid Range is -10000 to 10000 n»V", 

r 4 •/ 

RANGEJERROR, 
"Edge Error.NriVnThe Trigger Edge \ 
specified is Invalid-\n\nValid Edges are + or -.", 

/•5 V 
RANGEJERROR. 
"Trigger Mode Error.\n\nThe Mode \ 
specified is InvalicLVnVn Valid Modes are SINGLE SWEEP ex NORMAL.", 

r 6 */ 

RANGE JERROR, 
"Slew Rate Eiror.NnNnThe Slew \ 
rate specified is fttvalidAnVn Valid Range is 0 to 10000 mV/mS." ] ; 
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mm PULSE Sheet Definition 



mmmmmmmmmmmmmtmmm 

SHEET pulse_sheet = 

f 

pulse_sheet_windDW, 
&pulse_var&ip, 
puJse_shea_errors 
): 

/* Local Save Area of Global Variable Pointer. */ 
GLOBAL_VARS *global_variables: 

/*****************•**••*****»**•»*•••••**«*»**•*•*••**»***•**»* 
* PULSE Sheet Handler 



y 

SHEET *pn is e-shcet_handler(GLOBAL_VARS *globaI) 

r preset die global variables statie */ 
globaI_variables = global; 



} 



remntf sheet_handkr( global. USER_X»S1ZE, USER_Y cttp 
NR^REGIONS, &pnlse.sheet, pulse_sheet_regions ) ); 



Check Duration (0) 

*/ 

int check_duration(ini checkpoint 
i 

reman check_rang«i< checkpoint. &palse_vars.pa.duration. 
MAX.UNSIGNED, 1. 0 ) ); 
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APPENDIX II 
[0083] 



Compiler Elements 

The following code is an example of the compiler element used for a triggered 
pulse generator- 

* Pulsegen Icon Compiler Overlay 



V 

#indude <stdioJi> 

^include <stdUb±> 

#include "compiler Ji" 
#mdude library Ji" 

^include "comms86JT 

#inchide "pulse genii" 

* Local De finition s 



void ixut.triggerjaramsfFUI^^ *); 




NRJPULSEJNPUTS 1 
NR^PULSE^OUTPUTS I 

/♦I/O Buffer Lists. */ 

unsigned int pulse JnputJds[NRJ , XIL5EJ>IPUTS} » 
unsigned int pulse - outpmJds(^JPUl^_OIJIPU , rei s JO}; 

/* Cell Parameters* V 

struct FULSE.struct pulse_panun; 

/* Processes in this Icon. */ 
struct proc_type pulse _pruc = 
( 

NULL* /* the next process defined*/ 

PULSE, /* the cell required*/ 

pulsejnputjds, /* array of input buffer numbers */ 
puise_output Jds, /* array of output buffer numbers */ 
&puise_paramj* array of the initial values of the cells parameters +/ 
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0 

I: 



/* the base xdram address of variables for this cell */ 



I* 
*/ 

#define 



Trigger Process 



NR.TRIGGERJNPUTS 
NRJTRIGGER^OUTPUTS 



/* Trigger input ID specifications* */ 

unsigned int nig^inpwJdsChni.TRIGGER^INPUTS] m (0); 
/* Trigger output ID specifications. */ 

unsigned int mg_outpuUds{NT*jnUG^ = U ); 

/* Trig ger parameters. */ 
struct THRESH.struct 



Process D e s crip tor . */ 
prototype trigger jroc = 



< 

&puIse_proc 

THRESH* 

trig.Jnput.Jds, 

trit.output.ids* 

&trigjpaxams, 

0 

}; 



f* the next process defined */ 
/•the cell id required*/ 
/* array of input buffer numbers */ 
P array of output buffer numbers */ 
f* array of die initial values of the cells 
parameters */ 

/* the base xdram address of variables for this 
cell*/ 



PULSEGEN CONFIGURATION 




{ 



*int_interconnect_ids0 s 



&trig_output_id5[0], 
&pulse_inpui _ids[0] 

1; 
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#define NRJWTERCONNECT_IDS (sizeofflmjntetconnectjds) / 

sizeoftoxisigned int *)) 

unsigned int *cxt_xnput.ids[] = 
I 

<&trig_input_ids[0] 

}; 



#defxne 



NRJEXTJNFUTJDS 



(sizeof(ext_input_ids) / 
sizeof (unsigned int *)) 



unsigned int *ext_autput idsQ = 
{ 

&puise_outpuUds(0] 

}; 



#defxne 



NR^JXT^OUTPUTJDS 



(sizeof(ext_output_ids) / 
sizeof (unsigned int *)) 



/* PULSEGEN Dsp System Configuration. 
ICON_COl4FIG polse.config = 



2. 


/* 


or^^jiocesses 


*/ 


<SLUjgger_proc, 


/* 


process list 


*/ 


0. 


/* 


nr_raw 


*/ 


NULL. 


f* 


raw list 


*/ 


0. 






V 


NULL. 




SCtCCU list 


*/ 


0. 


r 


nr_vinnal 


*/ 


NULL. 




virtual list 


*/ 



NR_INTERCONNECT_IDS J* number of int interconnect ID'S.*/ 

f* number of external input ID'S.*/ 
/* number of external output ID'S.*/ 



NR_PCTJNPUTJDS, 
extjnputjds, 

NR_EXTjOUT7UTJDS, 
ext_outputJds, 
NULL. 
NULL. 
NULL. 
NULL. 
NULL, 
NULL. 

NULL ); /* 



I* Overlay Struct 
/* Icon parameter key 



/* 

r 
r 



next_proc 
nextjravr 
nextjscxn 
next.virt 
*/ 
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* Request Block Size 
unsigned int mein_block_size = 0; 

* Pulsegen Descriptor Handler 



*/ 

void *putegen(GLOBAL_VARS *gv, void *inem Jrtock. ICON_PARAM 
*ip) 

( 

PULSE JCON.PARAM *pip; 

/* Check for memory block request */ 
if (mem.Wock = NULL) 

return(&. i nea u^block^size); 

r Index pulse icon parameters* */ 
pip = (PULSE.ICON.PARAM *) &xp[l]; 

f* Set the pulse state levels. */ 
pulse _paraxn. WIDTPU = pip-xiuratiGn; 
pulsc^paramjnGHPU = calc w AD_val(pip.>on level); 
pulse j>aramiOWJ*U = calc^AD_val(pip->offJevel); 

/* Set the Trigger Cell Variables. */ 
xnitLtriggKiparam^pip); 

/* Return Configuration Pointer. */ 
rctum(&puIse_config); 



* but Trigger Pamns 

void init.triggerj>arams(PULSEJCON _PARAM *ptp) 

/* Transfer the level parameter. */ 
trigjarams-THRETH = calc.AD.val(pip.>triggerJevel); 

/* Preset trigger width. */ 
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irig_parains.WINSTH a 1; 

P Transfer the Slew Parameter. •/ 
trigjaraxns.SLfc wrH = piposlew; 

/* Preset Dead Period.*/ 
trigjjaramsJDEADTH = 0; 

/* Transfer the Trigger Edge Setting.*/ 
if (pip->edge{0] mm POSITIVE JDGE) 

trigjjatams JOSTTH = FLAG JPOSJSDGE; 

else 

trigjararasJPOSTTH = FLAGJNEGJEDGE: 

/* Transfer the One Shot Status. +/ 
if (stricmp(pip->trigger_mode, SINGIJ2_SWEEP_TRIGGER) 
trig_params.ONESTH m FLAGjONE_SHOT; 

else 

trig_params.ONESTH ss FLAGjCONITNUOUS; 

} 
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APPENDIX III 
[0084] 



Cell Code 

The following code is used to implement the Pulse Generator on the DSP 
chip. It is written in TMS320 assembler code. 



CeD PULSE 



Synopsis 

This cell generates a pulse once every time a trigger 

It has one input which is a trigger stream 

It has one output which is the pulse train produced. 

The cell has the following functioning :- 

read in (he trigger buffer 

for each point in the buffer- 

if wailing for die trigger to go high:- 

if trigger is high:- 



itoL 

reset pulse width co u nter. 



else if trigger is low 

change to state 0 

if(count>0) 

count—; 
output — high 

else output slow. 

fipT^h the cell 

IDT 'PULSE* 
COPY WHE REUB 



**************** 



**** 
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* SYSTEM VARIABLES 
* 

* 

REF RG1 WORKING REGISTERS 

REF RG2 
REF RG3 

REF ONE THENUMBERONE 
REF BUFSIZ THE SIZE OF BUFFERS 
REF I A COMMONLY USED LOOP COUNTER 

REF FREESH THE ALLOC.B ASE JPTR 
REF ZERO 

SYSTEM CALLS 
* 

REF ENDCEL THE END OF THIS CELL 

++++*+++m*+*mm++mmm+mmmmmw+mm++m+ mmmmmmmmmmmmmmmmmmm 4 

* LIBRARY ROUTINES 
REF READCH READ IN A CHANNEL 

* THIS CELLS VARIABLES 

REF TRIGPU INPUT. THE CELLS TRIGGER 

* INPUT. 

REF O UTSPU OUTPUT. THE CELLS OUTPUT. 

REF BUFFPU TEMP ARRAY. USED TO BUFFER 

* POINTS. 
REF STATPU STATIC STATE OF TRIGGER 

* DETECTION. 
REF WIDTPU PARAM. WIDTH OF PULSE. 
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REF HIGHPU P ARAM. HIGH PULSE LEVEL. 
REF LOWSPU PARAM. LOW PULSE LEVEL. 

REF COUNPU STATIC THE NUMBER OF POINTS 

LEFT IN THE PULSE 



CONSTANTS 

COPY CASPDEF 

PULSE. 

INPUTS 

TRIGFU 

OUTPUTS 

OUTSPU 



DEF PULSE 

PULSE 

read in the trigger buffer 

LARKAR13UEFPU 
LAC TRIGPU 
SAO. RG1 
CALL READCH 

* 

* for each point in the buffer - 

* fori i » 0 ; i < bat jsfce ; i++ ) 
* 

LAR AR03UFSZZ 
LARK AR13UFFPU 
LAC OUTSPU 

ADD ONE.1 LINE UP WITH DATA 

SACL RG1 
SXRAM RG1 
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PULSFI BANZ PULSC1 
+ 

B ENDCEL 
FULSCl 
* 

* if trigger is high:- 
* 

* READ IN THE TRIGGER 

LARP AR1 
LAC *+AAR0 
BZ ELSE! 



* 



if waiting for the trigger to go high:- 



LAC STATPU 
BNZ DOOUT 



change state to 1. 

reset pulse width counter. 



XAC ONE 
SACL STATPU 
LAC WIDTPU 
SACL COUNPU 
B DOOUT 



else change to 



ELSE1ZAC 

SACL STATPU 



* if( count > 0 ) 

DOOUT LAC COUNPU 
BLEZ ELSE2 

m count—; 

* output = high 



SUB ONE 
SACL COUNPU 
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WXDRAM HIGHPU 
B PULSF1 



else output = low. 
NOP 

ELSE2 WXDRAM LOWSPU 
B PULSFI 

* 

* finish the ceil 
END 
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[0085] 



5 

DSP System Code 



The following code implements the system used by the DSPs in an AMLAB 
environment;- 

* MODULE:- SYSTEM 



SYNOPSIS 
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SO 



SS 



DUE TO THE PERFORMANCE REQUIREMENTS OF THE TMS320 IT 
IS NECESSARY TO IM PLEM ENT EACH PROCESSING ELEMENT AS 
A CELL IN A IN T ERPRE TER TYPE SITUATION. AN EXPLANATION 
OF T HIS IN TERPRETER FOLLOWS. NO ATTEMPT TO EXPLAIN 
WHY THINGS ARE DONE THE WAY THEY ARE IS GIVEN HERE AS 
TH ESE C AN BE FOUND IN THE ACCOMPANYING 
SPECIFICATIONS. 

DEFINITION OF TERMS 

CELL A PROCESSING ELEMENT. THE TOTAL 

PROCESSING TO BE DONE IS 
BROKEN DOWN INTO MODULES THAT ARE 
EASY TO IMPLEMENT. 

EVENT AN EVENT IS SOMETHING THAT HAPPENS. IT 

MAYBE INTERNAL TO THE SYSTEM SUCH AS A 
B EAT I S PROCESSED TO A CERTAIN LEVEL OR 
EXTERNAL SUCH AS AN INTERRUPT. THIS 
EXECUTIVE IS AN EVENT DRIVEN ONE, IN 
THAT IT IS EVENTS WHICH ULTIMATELY 
DETERMINE WHICH SEQUENCES ARE RUN AND 
IN WHAT ORDER. 

SEQUENCE A PRE-DETERM1NED ORDER IN WHICH nnTs 
ARE RUN. 

ACTIVE THE ACTIVE CELL IS THE CELL CURRENTLY 

BEING EXE CUTED OR ABOUT TO BE 
EXECUTED 

CCB A CELL CONTROL BLOCK. THIS CONTAINS ALL THE 
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* RELEVANT INFORMATION ABOUT A CELL NEEDED 

* BY THE SYSTEM. 

* 

•ENDSCEL THE ROUTINE WHICH TIDIES UP AFTER A CELL 

* RELINQUISHES CONTROL. FINDS THE NEXT CELL IN 

* THE SEQUENCE. AND INSTALLS THAT CEI I 

* - - 

* DESCRIPTION OF THE SYSTEM 
* 

* THE SY STEM COULD IN BROAD TERMS BE DESCRIBED AS AN 

* INTERPRETER. CELL 0 IS THE HIGHEST LEVEL OF PROCESSING 

* IN THE SYSTEM. TT DETERMINES WHICH SEQUENCES 

* WILL BE RUN BASED ON THE INFORMATION CONTAINED IN THE 

* STATUS. SEQUENCES IN TURN ARE COMPOSED OF CELLS. CH I 

* 0 RUNS A SEQUENCE. THE SYSTEM TAKES THAT SEQUENCE 

* AND RUNS EACH CELL IN TURN. INDIVIDUAL CELLS CAN 

* CHANGE THE STATUS TO INDICATE TO CELLO WHAT IS THE 

* RESULTS OF ITS PROCESSING. FURTHER MORE CELLS ARE ABLE 

* TO ABORT THE CURRENT SEQUENCE WHICH RETURNS 

* CONTROL TO THE CELL 0. CELL 0 IS DIFFERENT TO THE OTHER 

* CELLS I N THA T IT ALWAYS SAVES A RETURN ADDRESS BEFORE 

* RELIN QUISH ING CONTROL. THIS IS BECAUSE CELL 0 IS NEVER 

* COMPLETED, RELINQUISHING CONTROL FREQUENTLY. AND 

* RESTARTING WHERE IT LEFT OFF THIS ALLOWS US TO 

* IMPLEMENT A MACRO LEVEL PROGRAMTN CELLO, COMPOSED 

* OF SEQUENCES WHICH IN TURN ARE COMPOSED OF CELLS , 

* SEQUENCES ARE REFERENCED BY THE SEQUENCE REFERENCE 

* LIST , WHICH, FOR EASE OF PROGRAMMING EXISTS AT THE 

* BOTTOM OF EXTERNAL DATA RAM EACH MEMBER IN 

* THIS LIST POINTS TO A SEQUENCE LIST. EACH SEQUENCE LIST 

* MEMBER IS A POINTER TO CELL CONTROL BLOCK. EVERY 

* SEQUENCE HAS A SEQUENCE LIST. EACH CONSECUTIVE 

* CELL IN A SEQUENCE IS POINTED TO BY A CONSECUTIVE 

* MEMBER IN THE SEQUENCE LIST 
* 

* A CELL IS RESTORED BY LOADING INTERNAL DATA MEMORY 

* WITH THE CELLS STATIC VARIABLES. THESE ARE POINTED TO 

* BY A MEMBER OF THE CCB. THE CELLS START ADDRESS IS 

* ACCESSED BYUSING THE CRT, TIP, ANOTHER MEMBER OF THE 

* CCB. AS AN OFFSET TO A LOOK UP TABLE STORED IN PROGRAM 

* MEMORY CALLED THE CSASB . A CELL IS SAVED BY THE 

* REVERSE PROCESS. THE FINAL ELEMENT OF A CCB IS A 

* CONSTANT. A CONSTANT IS A STATIC VARIABLE THAT DOES 
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* NOT CHANGE ITS VALUE AND HENCE DOES NOT NEED TO BE 

* STORED AWAY. 



IDT 'SYSTEM* 
COPY WHEREUB 



************************************************ 



* 
* 



STATIC VARIABLES USED BY THE SYSTEM 



* 






****************************************** 




REF 


CCBSPT 


A POINTER TO THE CURRENTLY ACTIVE 


* 






CCB 




REF 


CURSSQ 


A POINTER TO THE CURRENTLY ACTTVE 


* 


REF 


ONE 


SEQUENCE 




REF 


TABLE 


A POINTER TO THE VARIABLES TABLE 


* 


REF 


RG1JIG2 


INIORAM 


* 


REF 


CSASB 


THE CELL ADDRESS BLOCK 




DEF 


ABORT 


LET OUTSIDE TASKS KNOW ABOUT THE 


* 


DEF 
DEF 
DEF 


ABORT! 
ENDCEL 
RUN 


ROUTINES 



m 

* CONSTANTS USED BY THE SYSTEM 
* 



REF CELVAR 
REF COCCB 



THE START OF A CELLS VARIABLES IN 

INTERNAL RAM 

THE ADDRESS OF CELLO CCB. 



* THE SYSTEM ENTRY POINT. THIS IS ONLY USED ON START 
•UP. 



29 



BP 0 573 503 B1 



********************************* 



DEF SYSTEM 
PSEG 

SYSTEM B ABORT 1 



SYSTEM ENTRY POINT 



* 



SAVE THE ENVIROMENT OF THE CURRENT CELL 



*********** 
* 

SAVE RXDRAM RG2.CCB$PT 

RXDRAM TABLE 

* 

RXDRAM RGI 

RXDRAM RGI 



* 



LAR AR0RG1 
LAR ARLCELVAR 



SXRAM TABLE 

LARPO 

BANZSAVELP 

B SAVRET 

* 

SAVELP 

LARP 1 

WXDRAM *+„AR0 
BANZSAVELP 

* 

SAVRET 
RET 

* 

********************** 



************************** 

READ IN THE CELL ID 
READ IN THE CURRENT 
CELLS VARIABLE TABLE. 
READ IN THE NUMBER OF 
INSTALLED VARIABLES 
READ IN THE NUMBER OF 
STORED VARIABLES 



SET UP THE POINTER TO 
THE VARIABLES 



ARP = 0 

IF THERE ARE ANY MORE 
VARIABLES SAVE THEM 



WRITE OUT THE NEXT 
VARIABLE 

ARE THERE ANY MORE 



'********************»******» 



RESTORE THE ENVIROMENT OF THE CURRENT rnr 
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RESTOR 

RXDRAM RG2,CCBSPT 

RXDRAM TABLE 

* 

RXDRAM RGl 



LAR AR0RG1 



"LAR ARl.CELVAR 

SXRAM TABLE 
LARP 0 
BANZRESTLP 

B RES RET 

* 

RESTLP 

LARP 1 

RXDRAM *+„AR0 



BANZRESTLP 



RES RET 



LACKB 


CSASB 


ADD 


RG2 


TBLR 


RGl 


LAC 


RGl 


PUSH 




RET 





READ IN THE CELL ID 
READ IN THE CURRENT 
CELLS VARIABLE TABLE 
ADDR. 

READ IN THE NUMBER OF 
VARIABLES 



SET UP THE POINTER TO 
THE VARIABLES 

ARP = 0 

IF THERE ARE ANY MORE 
VARIABLES SAVE THEM 



WRITE OUT THE NEXT 
VARIABLE 

ARE THERE ANY MORE? 



FIND THE RETURN 
ADDRESS FROM THE CSASB 
THE CELLS ID 
READ IN THE RETURN 
ADDRESS 

push rr onto the stack 

AND GO THERE 



31 



EP 0 573 503 B1 



****************************************************** 
* 

* ABORT THE CURRENTLY ACTIVE SEQUENCE AND RETURN TO 

* CELL 0 THIS ROUTINE SHOULD BE BRANCHED TO. 

************************************************************** 
# 

ABORT 

CALL SAVE SAVE THE ENVIROMENT OF THE 

* CURRENTLY ACTIVE CELL 
ABORT1 

LACKB COCCB SET THE CCB POINTER TO CELLO 

* CCB 
SACL CCBSPT 

* 

B RES TOR AND RESTORE CELLO 



* END THIS CELL AND INSTALL THE NEXT ONE IN THE 

* SEQUENCE THIS ROUTINE SHOULD BE BRANCHED TO. 

ENDCEL 

CALL SAVE SAVE THE ENVIROMENT OF THE . 

* LAST CELL 

* FIND THE ADDRESS OF THE NEXT CELL IN THE SEQ. 

RXDRAM CCBSFT.CURSSQ 

LAC CURSSQ INCREMENT THE SEQ POINTER 

ADD ONE 
SACL CURSSQ 

B RESTOR INSTALL THE NEXT CELL 
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THIS ROUTINE IS ONLY EVER C ALLED BY CEL L 0. IT 
STARTS OFF A NEW SEQUENCE* 



RUN RXDRAM CURSSQJRGIRGI CONTAINS THE SEQUENCE 

* NUMBER WHICH IS A 

* DIRECT OFFSET TO THE 

SEQUENCE POINTER. 
GET THE RETURN ADDRESS 



POP 
SACL RG2 
LACKS CSASB 

TBLWRG2 



AND WRITE IT OUT TO THE FIRST 

LOCATION IN THE 

CSASB 



B ENDCEL AND PERFORM ENDCEL WHICH , 

* WILL SAVE THE ENVIROMENT OF 

* CELL 0 AND THEN INSTALL THE FIRST CELL IN THE SEQUENCE 
* 



********** 
* 



FEND 



A scientific instrument emulator comprising: 

a computer (1 ) including a memory (3) coupled to a processor (2); 

a multifunctional input/output signal module (6) having at least one analogue signal input (7) with digitizing 
means (37) connected thereto and at least one signal output (8) and being configurable with respect to at least 
a sampling frequency of said analogue signal input (7); 

a video display (10) coupled to a video display generator (50), said video display generator (50) being coupled 
to said processor (2); 

a library program stored in said memory (3), said library program including a plurality of instrumentation units 
each being able to be displayed on said video display (1 0) and each having a predetermined signal processing 
function; 

a set-up program stored In said memory (3) and carried out by said processor (2) to allow an operator to 
interconnect selected instrumentation units to form an array of interconnected instrumentation units, wherein 
a sampling frequency for said multif unctlonai input/output signal module (6) is specified, said set-up program 
enables signal feedback interconnection in said array, said array having an output being provided to at least 
one of the following: said video display, said multifunctional input/output signal module (6) and said memory 
(3); and 

a graphic compiler program stored in said memory (3) and executable by said processor (2) on completion of 
said set-up program to create a scientific instrument emulation program to carry out an overall signal process- 
ing function of said array of selected interconnected instrumentation units, said graphic compiler program 
being capable of resolving signal feedback in said array and to form a sequence in said emulation program 
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of said predetermined signal processing functions of said instrument units, which are each to be carried out 
once between successive samples of an input signal obtained using said multifunctional input/output signal 
module, said emulation program containing operations configured in accordance with said specified sampling 
frequency for sampling said input signal to provide a data stream from said multifunctional input/output signal 
module (6); 

an instrument emulation sub-assembly coupled to said processor (2), said memory (3) and said video display 
generator, wherein said instrument emulation sub-assembly is directly connected to said multifunctional input/ 
output signal module, said instrument emulation sub-assembly having: 

a second processor for executing said scientific instrument emulation program to continuously carry out 
said overall signal processing function so that each sample of said data stream of successive samples is 
processed dunng a single sample time to produce an array output of said scientific instrument emulator 
before a successive sample of said input signal is obtained by said multifunctional input/output signal 
module (6); 

wherein at least one of a plurality of operations is performed, said plurality of operations including each of displaying 
said array output on said video display (1 0) in real time, storing said array output in the memory (3), and providing 
said array output to said signal output of said multifunctional input/output signal module (6) in real time. 

The scientific instrument emulator as claimed in claim 1 , wherein said instrumentation units are each represented 
by a corresponding icon which is able to be displayed on said video display during operation of said set-up program 
whereby each desired instrumentation unit can be selected, located in, and interconnected with other instrumen- 
tation units in said array. 

The scientific instrument emulator as claimed in claim 2, wherein said array includes a data signal feedback loop 
connected between an output of one of said instrumentation units and an input of one said instrumentation units. 

The scientific instrument emulator as claimed in claim 1 , wherein said multifunctional input/output signal module 
inciudes an additional signal output for connection to external hardware and that is available as a real time electric 
signal able to operate, or trigger, said external hardware. 

The scientific instrument emulator as claimed in claim 4, wherein said multifunctional input/output signal module 
has both analogue and digital signal outputs. 

The scientific instrument emulator as claimed in claim 4, wherein said array output stored in that memory is available 
for subsequent graphical manipulation and/or tabulation by said computer. 

The scientific instrument emulator as claimed in claim 1 , wherein said instrument emulation processor assembly 
further compnses a video generator connected to said second processor for providing a displayable representation 
of said array output before a succeeding sample is obtained. 

A method for determining the execution order of predefined signal processing elements in a computer having a 
central processing unit (2) and electronic memory (3) to implement in real time a mathematical/signal processing 
function of an emulated instrument having at least one repetitively sampled signal input to form a signal output 
thereof, said method comprising the steps of: 

applying a set-up program stored in said memory (3) and earned out by said central processing unit (2) to 
allow an operator to interconnect selected instrumentation units, wherein a sampling frequency for a multi- 
functional input/output signal module (6) is specified, said set-up program enables signal feedback intercon- 
nection in said array, said array having an output being provided to at least one of the following: a video display 
(10), said multifunctional input/output signal module (6) and said memory (3), each of said instrumentation 
units having a mathematical/signal processing function: 

creating a scientific instrument emulation program using a graphic compiler program stored in said memory 
(3) and executable by said central processing unit (2) on completion of said set-up program, said scientific 
instrument emulation program carrying out said overall signal processing function of said array of selected 
interconnected instrumentation units; 

determining an execution order of said mathematical/signal processing function including the steps of: 
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representing said function as a sequence of elemental mathematical steps in turn representable using 
predefined signal processing elements, and 

arranging the pre-defined signal processing elements in said sequence for sequential execution within 
the time between successive samples and 
commencing with said at least one sampled signal input, 

wherein said determining step thereby forms an array of instrumentation units having said overall circuit 
mathematical/signal processing function; carrying out said overall signal processing function so that each 
sample of said contiguous data stream is processed during a single sample time to produce an array 
output of said overall mathematical signal processing function before a successive sample of said input 
signal is obtained by said multifunctional input/output signal module (6); 

representing said overall circuit mathematical/signal processing function as a sequence of events repre- 
sentable as predefined signal processing element events; 

arranging said predefined signal processing element events in said sequence for sequential execution 
commencing with said at least one sampled array signal input, whereby a determinate computation time 
of the predefined signal processing elements is ensured by executing every one of said predefined signal 
processing elements once between successive samples, whereby said method is capable of resolving 
data signal feedback in said array of instrumentation units; 
displaying said array output on said video display (10) in real time; 
storing said array output in the memory (3); and 

providing said array output to said signal output of said multifunctional input/output signal module in real 
time. 

9. The method as claimed in claim 8, wherein a parameter of said functional block is able to be specified. 

10. The method as claimed in claim 8, wherein said array includes at least one data signal feedback loop in which an 
output of one of said instrumentation units is connected to form an input of one of said plurality of instrumentation 
units, and an initial result of corresponding one of said executable events in said sequence of executable events 
is utilized in a repeated execution of an earlier event to generate a modified result of said corresponding one of 
said executable events from a previous sample period. 



Patentansprtiche 

1 . Wissenschaftllcher Instrumentenemulator, aufweisend: 

35 

einen Computer (1) mit einem Speicher (3), der mit einem Prozessor (2) gekoppeft ist; 
ein multifunktlonales Eingangs-/Ausgangs-Signalmodul (6), welches zumindest einen analogen Signalein- 
gang (7) mit Digitalisierungsmitteln (37) hierzu verbunden und zumindest einen Slgnalausgang (8) aufweist 
und konfigurierbar ist mit Bezug auf zumindest eine Abtastfrequenz des analogen Slgnaleingangs (7); 
« eine Videoanzeige (1 0), die mit einem Videoanzeigegenerator (50) gekoppeft ist, wobei der Vldeoanzeigege- 

nerator (50) mit dam Prozessor (2) gekoppelt ist; 

ein Bibliotheksprogramm, das in dem Speicher (3) gespeichert ist, wobei das Bibliotheksprogramm eine Mehr- 
zahl von Instrumentationseinheiten aufweist, wobei jede geeignet ist, auf der Videoanzeige (1 0) angezeigt zu 
werden, und jede eine vorbestimmte Signalverarbeitungsf unktion aufweist, ein Set-Up-Programm, das in dem 

45 Speicher (3) gespeichert ist, und durch den Prozessor (2) ausgefuhrt wlrd, urn einem Bediener zu erlauben, 

ausgewahfte Instrumentationseinheiten miteinander zu verbinden, urn ein Feld von miteinanderverbundenen 
Instrumentationseinheiten zu bilden, wobei eine Abtastfrequenz fur das multlfunktionale Eingangs-ZAusgangs- 
Signalmodul (6) spezifiziert ist, wobei das Set-Up-Programm SlgnairOckfOhrungsverbindung in dem Feld er- 
moglicht, wobei das Feld einen Ausgang aufweist, der zumindest einem der folgenden zugefuhrt wlrd: der 

so Videoanzeige, dem multifunktionalen Eingangs-/Ausgangssignalmodul (6) und dem Speicher (3); und 

ein graphisches Compiler-Programm, das in dem Speicher (3) gespeichert ist und durch den Prozessor (2) 
ausfuhrbar ist bei Vollendung des Set-Up-Programms, urn ein wissenschaftliches Instrumentationsemulati- 
onsprogramm zu kreieren, urn eine Gesamt-Signalverarbeitungsfunktion des Feldes von ausgewahlten ver- 
bundenen instrumentationseinheiten auszufQhren, wobei das graphische Compiler-Programm in der Lage ist, 

55 SlgnalrOckkopplung in dem Feld aufzulosen und eine Sequenz zu bilden in dem Emulation sprogramm der 

vorbestimmten Signarverarbeitungsfunktionen der Instrumentationseinheiten, die jede auszufuhren ist einmal 
zwischen sukzessiven Samples eines Eingangssignals, das erhalten wird unter Verwendung des multifunk- 
tionalen EingangsVAusgangssignalmoduls, wobei das Emulationsprogramm Operatlonen aufweist, die ge- 
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^m m d vnn P c^I iZie ^" ^ tas * equanz *onfigurfert sind. zum Abtasten des Eingangssignals, um einen Daten- 
strom von dem multifunkt.onalen Eingangs-ZAusgangssignalmodul (6) zu schaffen 

' n ^ tnjmen,enemulationsu " tera " 0 ^""ng. die gekoppelt ist mit dem Prozes S or'(2), dem Speicher (3) und 
TJ^^T nerat ° r ;r bei ^ '"^^^"'ationsunteranonmung dire* verbunden ist mit dem 
muftrfunktionalen E.ngangs-ZAusgangs-Signalmodui, wobei die Instrumentenemulatjonsunteranordnung auT 

klTnZl S h n H P T SSt l Z, l m AUSfQhr6n d8S wisse " scha « fc heninstn J mentenemulationsprogramms,um 
, an iZf Gesamt-Signalverarbeitungsfunktion auszufuhren. derart, dass jedes Sample des Da- 

atsMhTd suk2ess ' ve r, Sam P |ea verarbeitet wire wahrend einer einze.nen Sample-Zeit. um eine Feld- 
def^Lnn W,Sse , nsc ^ Khe " instrumentenemufators zu produzieren, bevor ein sukzessives Sampte 
des E.ng a ngss.gnals emalten wird dumh das multifunktionale Eingangs-ZAusgangssignalmodul (6); 

wobei zumindest eine einer Mehrzahl von Operationen durchgefiihrt wird, wobei die Mehrzahl von Operationen 
slich " nf e,9 H " R der ; e,daus 9 abe auf dar Videoanzeige (1 0) in Echtzeit. Speichem d^SSTZ 

!S«S!f l, , Ch H 8 H ln f umentenemulator gemas Anspruch 1, bei welchem die Instrumentationseinheiten jede 

wah rend des Betnebs des Set-Up-Programms, wobei jede gewQnschte Instrumentatinseinneit ausgeS we den 
kann, d.e angeordnet .st ,n und verbunden ist mit anderen Instrumentationseinheiten in dem Feld 

Wissenschaftlicher Instrumentenemulator gemaB Anspruch 2, bei welchem das Feld eine Datensignal-Ruckkooo- 

^USS^ ,nstrum6 ^"«"«'«tor gemaB Anspruch 1 , bei welchem das muttifunktionale Eingangs-ZAus- 
varffir^!or^^!t^^ c^»^^^^^^ ^ Signaiausgang aufweist zur Verbindung mit externer Hardware und^welcher 
zu Wggem &ht2ert - elektrisches Si 9" al - 9eeignet ist, die externe Hardware zu bed^n oder 

™^in„ h ^" C HT lnstru h ment f nemu,ator Anspruch 4, bei welchem das multifunktionale Eingangs-ZAus- 

gangssignalmodul sowohl analogs als auch digitale Signalausgange aufweist. 

Wissenschaftlicher instrumentenemulator gemaB Anspruch 4, bei welchem die Feldausgabe, die in dem Speicher 
gespe.chertw.rd, verfugbaristfurnachfolgendegraphische Manipuiation undZoderTabulatton mS££Z. 

Z^o^u^W^T^^ gem4B AnSPmCh 1 ' bei Wetohem d,e 'nstrumentenemulatlons-Prozes- 
B^ZS? 9 ! !" Vide °g enerator a "fweist, der mit dem zweiten Prozessor verbunden ist, zum 

Bere.tstellen emeranze.gbaren Representation der Feldausgabe, bevor ein nachfolgendes Sample ema.tenw.ra 7 

ctm™!^ BeS ? mme " der AusfQhrungsreihenfolge vorbestlmmter Signalverarbeitungselemente in einem 
2e T££JTI ^"tralverarbeitungseinheit (2) und einen elektronischen Speicher (3) aufweist, um in EcS 
r nri r * S 9 "! IVerarb6itUn9SfUnktf0n eineS emu,,erten '"^ents zu implementieren, welches zu 

rr^e^ 

^Z^Zn^TrT 9 " 39 ^- WelCheS d6m SpeiCher (3) 9«P«ch«t wird und durch die Zentral- 
(2> i US9 J emhrt w,rd ' um einOT Bed i«"er zu erlauben. ausgewahlte Instrumentationsein- 

HcTjobe I* T WOb6i "? Sst -^ Pm ^ ROckkoppiungsverbindung in dSn Feld'em^g- 

hcht, wobe. das Feld e.nen Ausgang aufwe.st, welcher zumindest einem der folgenden zugefuhrt wird- einer 

ta ^££1 T mU,t ; unktiona,en SngangsVAusgangssignaimodu. (6) und dem Speich^Tbe 
jede der lnstrumentationse.nhe.ten erne mathematischeZSignalverarbeitungsfunktion aufweist- 

PronZ m e ' neS ^ ens f aft "f h en '"strumentenemulationspmgramms unter Verwendung eines Compiler- 

CoS™ Q « -sTu» p Pe,Cher ( "> 9 r PeiCl1eft Wird Und durch die Zentratverameitungseinheit (2) bei 
Vollendung des Set-Up-Programms ausfuhrbar ist. wobei das wissenschaftliche Instrumentenemulationspro- 
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gramm die Gesamt-Signalverarbeitungsfunktion des Feldes ausgewahlter verbundener Instrumentationsein- 
heiten ausfuhrt, 

Bestimmen einer Ausfiihrungsreihenfolge der mathematischen/Signalverarbeitungsfunktion mit den folgen- 
den Schritten: 

Reprasentieren der Funktlon als eine Sequenz elementarer mathematlscherSchritte, die ihrerseits repra- 

sentierbar sind unter Verwendung vordefinierter Signalverarbeitungseiemente, und 

Anordnen der verb estimmten Signalverarbeitungseiemente in der Sequenz fur sequentielle Ausfuhrung 

innerhalb der 2eit zwischen sukzessiven Samples und Beginnen mit der zumindest einen abgetasteten 

Signaleingabe, 

wobei der Bestimmungsschritt hierdurch ein Feld von Instrumentatlonsein heiten biidet, welches die Ge- 
samtschaltungsmathematische/Signalverarbeitungsfunktion aufweist; 

Ausfuhren der Gesamt-Signalverarbeitungsfunktion, derart, dass jedes Sample des zusammenhangen- 
den Datenstroms verarbeitet wird wahrend einer einzelnen Abtastzeit, urn eine Feldausgabe der gesamt- 
mathematischen Signalverarbeitungsfunktion zu produzieren, bevor ein sukzessives Sample des Ein- 
gangssignals erhalten wird durch das multifunktionale EingangsVAusgangssignalmodul (6); 
Reprasentieren der Gesamtschaltungsmathematischen/Signalverarbeitungsfunktion als eine Sequenz 
von Ereignissen, die darstellbar sind als vorbestimmte Signalverarbeitungselementereignisse; 
Anordnen dervorbestimmten Signalverarbeitungseiementereignisse in der Sequenz fur sequentielle Aus- 
fuhrung, beginnend mit der zumindest einen abgetasteten Feldsignaleingabe, wobei eine bestimmte 
Rechnerzeit der vorbestimmten Signalverarbeitungseiemente gesichert wird durch Ausfuhren jedes der 
vorbestimmten Signalverarbeitungseiemente einmal zwischen sukzessiven Samples, wobei das Verfah- 
ren in der Lage ist, Datensignal-Ruckkopplung in dem Feld von Instrumentatlonsein heiten aufeulosen; 
Anzeigen der feldausgabe auf der Videoanzeige (10) in Echtzeit; 
Speichern der Feldausgabe in dem Speicher (3); und 

Bereitstellen der Feldausgabe an den Signalausgang des multifunktionalen Eingangs-/Ausgangssignal- 
moduls in Echtzeit. 

9. Verfahren gem^B Anspruch 8, bei welchem ein Parameter des funktlonalen Blocks spezifiziert werden kann. 

1 0. Verfahren gemaB Anspruch 8, bei welchem das Feld zumindest eine Datensignal-Ruckkopplungsschleife umf asst. 
in welcher ein Ausgang von einer der Instrumentationsein heiten verbunden ist, um einen Eingang von einer der 
Mehrzahl von Instrumentationseinheiten zu bilden, und ein ursprungiiches Ergebnis eines entsprechenden der 
ausfQhrbaren Ereignisse in der Sequenz ausfuhrbarer Ereignisse verwendet wird in einerwiederholten Ausfuhrung 
eines fruheren Ereignisses, um ein modifiziertes Ergebnis des entsprechenden einen der ausfQhrbaren Ereignisse 
von einer vorherigen Abtastperiode zu erzeugen. 
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1 . Emulateur d'instrument scientifique comportant : 

un ordinateur (1) incluant une memoire (3) couplee a un processeur (2), 

un module d'entree/sortie de signal multifonctionnel (6) ayant au moins une entree de signal analogique (7) 
ayant des moyens de numerisation (37) qui lui sont connectes et au moins une sortie de signal (8) et etant 
configurable par rapport a au moins une frequence d'echantillonnage de tadite entree de signal analogique (7), 
un affichage video (1 0) couple a un generateur d'affichage video (50), ledit generateur d'afflchage video (50) 
etant couple audit processeur (2), 

un programme de bibliotheque memorise dans ladite memoire (3), ledit programme de bibliotheque incluant 
50 une plurality d'unites d'instrumentation chacune pouvant §tre aff ichees sur ledit affichage video (1 0) et ayant 

chacune une fonction de traitement de signal predeterminee, 

un programme d* initialisation memorise dans ladite memoire (3) et execute par ledit processeur (2) pour per- 
mettre a un operateur d'interconnecter des unites d'lnstrumentation selectionnees pour former un ensemble 
d'unites d'lnstrumentation interconnectees, dans lequel une frequence d'echantiilonnage dudit module d'en- 
55 tree/sortie de signal multifonctionnel (6) est specifiee, ledit programme d'initialisatlon permet une intercon- 

nexion a retroaction de signal dans ledit ensemble, ledit ensemble ayant une sortie foumie a au moins Tun 
des elements suivants : ledit affichage video, ledit module d'entree/sortie de signal multifonctionnel (6) et ladite 
memoire (3), et 
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m TETTJ? COmp " ateur &*Phmu* memorise dans ladite memoire (3) et executable par ledit processes 
all^i d'initia,isation pour creer un programme d'emulation d^men iSSSZ 

interconnectees selecticnnees, ledit programme de compiiateur graphique etant capable de Zn n 
factions de trartement de s,gnal predetermines desdites unites tfinstrument, qui doivent etre chacune ^ 

ml^T, 0 ", 8 SUCCeSSi,S d ' Un Si9na ' d " entree ° btenu en «S 
m^t * T Ult,f0nct,on . nel ' ,edrt P"*™™* d'emulation contenant des operations configurees confo^ 

un flot de donnees a part.r dudit module d'entree/sortie de signal multlfonctionnel I (6) 

232? h ' le ^ sous -9 rou P e ^emulation cfinstmment est directement connects audit module d'en 

d r^o , h P" 3 ?™™ ^'emulation d-instrument scientifique pour realiser en conbnu ladrte foTaton 
de trartement de s.gnal complete de telle sorte que ohaque echantillon dudit flot de donnees d'echantiSns 
success est trarte pendant une seule duree d-eohantillon pour produire une JS^dSZS *SZSZ 

chacu'ne^S *"? d '°P era,i0nS 6St effeCtUee ' ladite P lura »" operations ino.uant 

SJilSSSli^^ T* SUr ' edit afflChage Video (1 0) en tem P s reel - * memorisation de 

Emulateurd'instrument scientifique selon la revendication 1 , dans lequel lesdits unites tfinstrumentation sont rh* 
cune representees par uneiconecorrespondantequipeut etre ^^suriS^ge^Z^r^^' 
dudrt programme ^initialisation par leque. cheque unite tfinstrumentation souhartee S^SSSSfST 
Usee, et interconnects avec tfautres unites ^Instrumentation dudrt ensemble. selectionnee, loca- 

BTiulateur d'instrument scientifique selon la revendication 2, dans lequel ledit ensemble inclut une boucle de re- 
Emulateur d'instrument scientifique selon la revendication 1, dans leouel ledit module dWr*o/««rt^ h~ • , 

SSSSSi une S T de si9na ' a — 1 * Ct^S^K 

tant que srgnal electnque en temps reel pouvant commander, ou declencher, ledit materiel exteme. 

^^SSSSSJSIIISrir^Sr 1 ? r e *J M,fc ""— la ™»"<«catfon 4, dans lequel ledit module d'entree/sortie de signal 
muttifonctionnel a a la fois des sorties de signal analogiqueet numerique. 

fZ'^ d i inStrU t '!l entSC L entmqUeSe,0n ' a revendicat >°n 4 . ^ns lequel ladite sortie assemble memorisee dans 
cette memo, re est d,spon,ble pour une menipulatlon eVou tabulation graphique ulterieure par ledTo^inatur 

I^Tn^^TT™ SCientffique se,on ,a revendication 1 , dans iequel ledit assemblage de processeur d'emu- 

eorLeme 22 h^hi^^^i *?• 9enerateUr Vid6 ° COnnecte audit sec °" d processeur pour foumir une 

representation afflchable de ladite sortie tfensemble avant d'obtenir un echantillon suivant 

une unite centrale de trartement (2) et une memoire electronique (3) pour implements en temos r&* une Z 

SSZZSSSZT™,* signal tfun instrument 6mu,e ayant au ---n-T^e "JESSJZEX 

dune mamererepeteepourformerune sortie de signal deceluWJedtt precede component lesetapesconsistTnt 

de trartement (2 ) pour permettre a un operateur d'.ntemonnecter des unites dMnstrumentation selec«o^nees 
sSrrlrr reqUenCe „ f^"™"* d'entree/sortie de signal murtrtoncrtion^ue) el 

SSTSIS?, Pr ° 9ramme ' lnrtialisa0on P ermet ''Interconnexion a retroaction de signal dans ledrt ensemble 
ledrt ensemble ayant une sortie fournie a au moins run des elements suivants : Taffichaae vSeo TSTSS 



38 



EP 0 573 503 B1 



module d' entree/sortie de signal multifonctionnel (6) et ladite memoire (3), chacune desdites unites d'instru- 
mentation ayant une fonction mathematique/de traitement de signal, 

creer un programme d'emulation d'instrumentscientifique en utilisant un programme decompilateur graphlque 
memorise dans tadlte memoire (3) et executable par ladite unite centrale de traitement (2) a la fin dudit pro- 
gramme ^initialisation, ledit programme d'emulation d'instrument scientifique realisant ladite fonction de trai- 
tement de signal complete dudit ensemble d'unites ^instrumentation interconnectees selectionnees, 
determiner un ordre d'execution de ladite fonction mathematique/de traitement de signal incluant les etapes 
consistant a : r 



representer ladite fonction sous la forme d'une sequence d'etapes mathematiques elementaires pouvant 
etre a leur tour representees en utilisant des elements de traitement de signal predefinis, et 
organiser les elements de traitement de signal predefinis en ladite sequence pour une execution sequen- 
tielle pendant la duree entre des echantillons successifs et commencer par ladite au moins une entree 
de signal echantillon nee, 

dans lequel ladite etape de determination forme ainsi un ensemble d'unites ^instrumentation ayant ladite 
fonction mathematique/de traitement de signal de circuit complete, 

realiser ladite fonction de traitement de signal complete de telle sorte que chaque echantillon dudit flot 
de donnSes contigues est traite pendant une seule duree d'echantillon pour produire une sortie d'ensemble 
de ladite fonction mathematique/de traitement de signal complete avant d'obtenir un echantillon successif 
dudit signal d'entree par ledit module d' entree/sortie de signal multifonctionnel (6), 
representer ladite fonction mathematique/de traitement de signal de circuit complete sous la forme d'une 
sequence d'evenements representee sous la forme d'evenements d'elements de traitement de siqnal 
predefinis, 9 

organiser lesdfts evenements d'elements de traitement de signal predefinis en ladite sequence pour une 
execution sequentielle en commencant par ladite au moins une entree de signal d'ensemble echantillon- 
nee, de maniere a ce qu'une duree de calcul determinee des elements de traitement de signal predefinis 
sort garantie en executant chacun desdits elements de traitement de signal predefinis une fois entre des 
echantillons successifs, ainsi ledit precede est capable de resoudre une retroaction de signal de donnees 
dudit ensemble d'unites ^Instrumentation, 

afficher ladite sortie d'ensemble sur ledit affichage video (10) en temps reel, 
memoriser ladite sortie d'ensemble dans la memoire (3), et 

foumir ladite sortie d'ensemble a ladite sortie de signal dudit module d'entree/sortie de signal multifonc- 
tionnel en temps reel. 

Precede selon la revendication 8, dans lequel un parametre dudit bloc fonctionnel peut etre specrfie. 

Precede selon la revendication 8, dans lequel ledit ensemble inclut au moins une boucle de retroaction de signal 
de donnees dans laquetle une sortie de I'une desdites unites d'instrumentation est connectee pour former une 
entree d'une unite de ladite pluralite d'unites d'instrumentation, et un resultat initial d'un evenement correspondant 
parmi lesdits evenements executables de ladite sequence evenements executables est utilise dans une execution 
repetee d'un evenement anterieur pour generer un resultat modifte dudit evenement correspondant parmi lesdits 
evenements executables a partlr d'une precedente periode d'echantillon. 
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